Although vitamin E deficiency in ruminants results in conspicuous heart disease, a similar deficiency state in primates appears to spare 
Vitamin E was discovered by Evans and Bishop' in 1923 in studies of fertility in female rats. They found that diets fortified with the two then known fat-soluble vitamins (A and D) would not permit pregnant rats to carry their young to term. Instead, these rats would abort and the fetus would be resorbed, demonstrating the so-called resorptiongestation syndrome. A study of fats and oils which would prevent this syndrome revealed that wheat germ oil and other vegetable oils were good sources of the new factor. Cod liver oil contained only small amounts. Because of its role in fertility in the rat, the new substance was named tocopherol, literally the substance required to "assure normal births."
In 1936, d-a-tocopherol was isolated by Evans and his colleagues2 from the non-saponifiable fraction of wheat germ oil. In 1938, its chemical structure was determined to be that of substituted chromanol shown below3 and this structure was confirmed by synthesis in the same year. 4 The d-isomer is the natural form, and is the most potent of all tocopherols in biological assays. Other companion tocopherols (,/, y, 8 and the related tocotrienols) occurring in fats and oils vary from the oa-homologue in the extent and position of methylation on the ring and in the degree of unsaturation of the side chain. In a-tocopherol, the isoprenyl side chain is fully saturated.
One international unit is equivalent to the biological activity of 1 mg of synthetic dl-a-tocopherol acetate when administered to whole animals. It must be recognized, however, that the esters of tocopherol are not active as such, but must be hydrolyzed in the body to yield the free phenol. The second group of disorders, muscle dystrophy in rabbits, guinea pigs, monkeys and chicks and testicular degeneration in the male rat, appear to respond only to vitamin E and not selenium. Strangely, the dystrophy in the chick is also prevented by cystine or methionine. 6 The third group of diseases respond better to selenium in micrograms per kilogram diet than to vitamin E in milligrams per kilogram of diet. These are the dystrophies in ruminants and in the turkey (white muscle disease) and the defect in embryogenesis in the cow.
Finally, hepatic necrosis and exudative diathesis respond to both vitamin E and selenium. The respiratory chain hypothesis postulates that a-tocopherol plays a specific role in electron transport in mitochondria by serving as a catalyst for respiration15 or by regulating specific enzyme and cofactor concentrations in mitochondria. K. Schwarz has been the main proponent of this hypothesis on the basis of extensive studies of mitochondria from animals undergoing hepatic necrosis from selenium or vitamin E-lack.'6 A decline in respiratory capacity of mitochondria from such animals, which is partially reversed by antioxidants in vitro, and is associated with reduced lipoyl dehydrogenase and NADH oxidase, has been observed. This hypothesis has the fewest adherents at the present time.
Finally, the genetic regulation hypothesis for vitamin E was proposed by Olson in 1967. 17 The essence of this theory is that a-tocopherol regulates in some way the transfer of genetic information from the chromosomes to the whole cell. This implies that vitamin E regulates the synthesis of specific proteins and enzymes required in the differentiation or adaptation of given tissues. The evidence for this hypothesis is (a) defects in embryogenesis and cellular proliferation are observed in the absence of vitamin E, (b) alteration in sexuality and morphology has been produced pharmacologically in the rotifer Asplanchna, a carnivorous metazoan,"8 (c) some of the vitamin E deficiency syndromes are related to genetic diseases that are clearly the result of abnormal genes (muscular dystrophy, habitual abortion, Klinefelter's syndrome), (d) DNA and RNA turnover are altered in dystrophic muscle of vitamin E deficient rabbits,'9 (e) the contractile protein, myosin, from vitamin E deficient dystrophic rabbits is altered in its primary structure to a more fetal type,20 (f) other fat-soluble vitamins appear to function in a similar capacity, i.e., control specific protein synthesis in the highly differentiated vertebrate. 21 If a unitary theory of a-tocopherol action is finally established, only one of these three hypotheses can be correct. It may be however, as in the case of vitamin A, the steroid hormones, and insulin, vitamin E may have several actions at the molecular level. OLSON 
Vitamin E Deficiency in Man
Vitamin E deficiency is rare in human subjects. The fact that it has never been seen as a primary deficiency disease in otherwise healthy children or adults suggests very strongly that the amount of vitamin E ordinarily present in mixed foodstuffs is adequate for maintenance of health. The recommended daily allowances for vitamin E given by the Food and Nutrition Board, N.R.C.22 ranged between 5 I.U. for infants to 30 I.U. for young adult males. Dietary surveys in this country indicate that the actual intake of tocopherols is within the range of the RDAs, i.e., 5-10 mg/ 1000 calories.
Premature infants23 and children with malabsorption syndromes and steatorrhea,24 celiac disease, a-/B-lipoproteinemia, fibrocystic disease of the pancreas, biliary atresia, have been shown to have one or more sians of vitamin E deficiency, i.e., low plasma vitamin E levels, enhanced hydrogen peroxide hemolysis, creatinuria, ceroid pigmentation and necrosis of striated muscle. In proteincalorie malnutrition, the plasma vitamin E levels are generally low, enhanced in vitro hydrogeni peroxide hemolysis is present, creatinuria may be exaggerated, and occasionally muscle weakness and necrosis out of proportion to the effects of proteincalorie malnutrition per se are noted. 25 Since most of these illnesses are due to abnormalities in the absorption and transport of lipids generally, parenteral vitamin E is required to correct the deficiency state.
Pharmacologic Use of Vitamins
The old question of why some essential nutrients given in doses far exceeding the daily requirement can have special physiological effects is not fully understood. It is true, however, that beneficial effects have been observed from the administration of vitamins in doses 10 to 100 times their ordinary requirement. A familial hypochromic microcytic anemia has been shown to respond only to pharmacologic doses of pyridoxine (25 to 200 mg/day) 26 Since the signs of this disease are similar to the anemia seen in bona fide pyridoxine deficiency (usually cured with 2 mg/day of pyridoxine), it may be suspected that the dissociation constant for one of the pyridoxal-phosphate dependent enzymes active in heme synthesis is altered, or the phosphorylating enzyme for pyridoxal is defective. A similar argument has been advanced for the effectiveness of large doses of nicotinic acid in certain types of dementia.27 Nicotinic acid is also hypocholesterolemic in doses about 1000 times the daily requirement. Pauling has recently advocated the daily intake of gram quantities of vitamin C (100 times the recommended daily requirement) as a preventative for the common cold.28 29 A general argument for the use of large doses of naturally occurring substances in genetic and even acquired diseases has been advanced by Pauling under the rubric of "orthomolecular medicine."3"
Steroid hormones, which are normally synthesized by the body in physiologic amounts, have also proven effective in the treatment of selected disorders at doses 10 to 50 times the estimated daily secretion rate. The classic example is the use of corticoids in the treatment of rheumatoid arthritis and related collagen diseases. 
